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Abstract 
The moisture contents of balance of desorption and adsorption of Kabar  Sid El Cheikh leaves (Capparis spinosa .L) 
were determined at 30, 40, and 50 °C using the   static gravimetric method. The  balance  was  obtained  after  12  
days  of desorption  and 8  days  of  adsorption. The effect of thermal hysteresis is observed in the range of the tested 
temperatures. In one hand, for the modeling of sorption isotherms, on the other hand, for the prediction of the 
hygroscopic behavior, during storage or drying; two mathematical models were tested. The GAB model with three 
parameters has given best results according to the experimental points in a rather important domain of the activities of 
the water. 
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1. Introduction 
 The Kabar Sid El cheikh or caper Capparis spinosa L. is a species of the Mediterranean shrub family 
of Capparidacées. Extremely robust, the caper thrives in poor and rocky soils. Its large flowers, very 
fragrant, have a very short lifetime, in the order of a day. The plant was harvested from the southwest area 
of Algeria called Kenadzain in the region of Bechar (see fig. 1(a)) specified by rocky terrain.  This plant 
is used in traditional medicine for the treatment of dental infections, but also as a tonic aperitif and an 
antirheumatic. The plant flowers only bloom for 24 hours then die. Flowers are white, solitary, axially. 
Sepals are sub equal, petals are white, and its anther filaments are purple and are longer than the petals. 
The berry is ellipsoid, ovoid or obovoid and pericarp thin. The seeds are 3-4 mm in diameter, globose, 
smooth and brown [1, 9, 10]. 
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Nomenclature 
 
A, B, C    model coefficients 
aw             water activity 
d.b            dry basis 
(r.e.h)        relative equilibrium humidity 
MRE average relative error (%) 
r               correlation coefficient 
SME         standard error of moisture 
t                temperature (◦C) 
Xeq           equilibrium moisture content (kg/kg d.b.) 
The knowledge of the hygroscopic nature of a material is a key for the proper appreciation of the drying 
process. Indeed, the dried material is used for particular applications which generally require specific 
water content related to the product stability. In the Hygroscopic area, there is a relationship between the 
macroscopic equilibrium moisture content of the product and the surrounding environment. The sorption  
isotherm  binds  moisture  balance for a given temperature, and  relative humidity of  the  environment  
surrounding  the  product. It is  typical to find  many interactions  between  the  solid  skeleton and water 
molecules that occur in the microscopic scale [2]. According to the complexity of the phenomena 
involved during the sorption of water; two mathematical models based on more or less physical properties 
were tested. Three models with three parameters (GAB and modified Oswin) were selected. The  
objectives    of  our    work  are the  determination  the  sorption   isotherms  of   Kabar leaves  to  
optimize hygroscopic equilibrium requirements for recycling and better conservation during the  storage  
operation. Also, determination of the appropriate model that well describes water transfer based on a 
comparison between measured and calculated water content profiles. 
2. Materials and method 
  The procedures to obtain sorption isotherms of water food products are described in details by several 
authors [11, 12]. The experimental device used in this study, as shown in fig. 1(b), consists of an 
incubator filled with six bottles with one litre capacity each. The bottle is containing one quart of different 
saturated saline solutions prepared as presented in Table 1. The obtained range provides the levels of 
water over the entire range of humidity. The used saturated salt solutions are KOH, MgCl2, K2 CO3, 
NaNO3, KCl and BaCl2 [14, 15]. Each jar contains a sample holder which is placed a vial containing a 
fresh mass of 0.570 ± 0.001 g of Kabar leaves for desorption. Pre-drying is  applied to  each leaves  at 
50°C of 0.1± 0.001 g for  adsorption The samples   are  kept at constant  temperature  and humidity  and 
weighed every  day  using   an   electronic  balance with 0.001g accuracy, until    the    mass   change    
between   two   successive   measurements   is   less  than  1%. The thermodynamic equilibrium is then 
considered attained. The hygroscopic equilibrium was reached after 12 days of desorption and 08 days of 
adsorption of Kabar leaves. As soon  as the wet masses (Mw) equilibrium are determined, the samples are 
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introduced  into an oven at 105 ° C fig.1(b) for 24 hours  to  determine  their dry masses (Md). The water 
content of equilibrium Xeq is given by the following equation: 
 
                                                                      
                                    Xeq = (Mw-Md) / Md                                                                                      (1) 
 
Table 1. Selected salt used for preparing saturated salt solutions and their corresponding water activities 
 
Salts 
 
                      Water activity   
 
          30°C 
 
 
          40°C 
 
 
         50°C 
    
KOH    0.0738 0.0626 0.0572 
MgCl2 0.3238 0.3159 0.3054 
 K2CO3 0.4317 0.4230 0.4091 
NaNO3 0.7278 0.7100 0.6904 
KCl 0.8362 0.8232 0.8120 
BaCl2       0.8980        0.8910        0.8823 
 
 
 
 
 
                                                   
 
                
 
 
 
 
 
 Fig. 1 (b) Oven type Binder 240 ED for the determination of 
Sorption isotherms. 
Fig. 1 (a) kabar Capparis Spinosa.L in the mountains 
of Kenadza (Bechar). 
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3. Modeling of sorption isotherms 
More than 70 models dealing with sorption isotherms can be found in the literature [8]. However in 
our case, only two models (Table 2) are selected according to their concordance with the experimental 
data.  
Table 2. Mathematical models applied to sorption isotherms of Kabar Capparis spinosa. L. 
 
 
 
 
 
 
 
 
 
 
 
 
The two models have registered best coefficient of correlation and lowest values of the errors.    
 - The correlation coefficient (r) was given by the Curve Expert software V. 1.4 
 - The average relative error (MRE) is given by the relation: 
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Fig .2 Influence of temperature on the desorption isotherms of Kabar for: (a) Adsorption, (b) Desorption 
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Fig.3 Desorption and adsorption isotherms of kabar Capparis spinosa.L leaves 
 
4. Results and discussion 
4.1. Experimental results 
 
The hygroscopic equilibrium of Kabar leaves was reached in 12 days of desorption, and 08 days of 
adsorption. The results of the experiments are presented in Figs. 2(a), (b). These figures show that the Xe   
increases with   the decrease of the temperature at constant relative equilibrium humidity. This   result  
may  be  explained  by  the higher  excitation  state  of  water  molecules  at  higher  temperature  which 
conducts to the decrease of the attractive forces between   them.  Furthermore, at   constant   temperature, 
the Xe increases with the   increase of the equilibrium relative humidity. Similar results have been 
reported in the literature [13, 6]. A hysteresis effect was observed for Kabar leaves, as illustrated in fig. 3 
and also similar results have been found by other authors [5].Many   explanations of this phenomenon 
have been reported [7] and one of the proposed theories suggests that in wet conditions the polar sites, 
where water is sorbed, are not entirely satisfied. 
 
Table 3. Fitting results of adsorption isotherms of Kabar Capparis spinosa.L leaves 
 
 Models names T(°C)      C                   B   A  r % MRE% SEM 
        
   GAB 40 0.968 3.596.e+9 5.480 99.72 6.51 
 
1.25 
 50 0.940 5.322.e+2 5.963 99.54 12.81 1.43 
 
 T(°C)      A                  B   C r % MRE% SEM 
     
Modified  Oswin   
40 -13.38 0.627 0.591 98.81    17.38 
 
2.62 
 50 -18.45 
 
0.610 0.517 99.01 21.76 
 
2.11 
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4.2. Fitting results 
       
      The coefficients of the modified Oswin, and GAB models with their statistic parameters represented 
by the correlation coefficient r, the mean relative error MRE and  the standard  error  SEM  are  illustrated 
in  Tables 3 and 4 . The GAB model  gives the  best  fit  to  the  experimental  data  with  MRE 7.88, 4.62, 
14.15 and  SEM  1.09, 2.83 for desorption  isotherms  for a  wide range of water activity (0.05–0.9).For 
adsorption, the GAB model gives the lowest MRE 6.51,12.81 and SEM 1.25,1.43 values for a wide range 
of water activity (0.05–0.9). 
 
 
Table 4. Results of fitting of the desorption isotherms of Kabar Capparis spinosa.L. leaveso 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The   observed   and    predicted    sorption isotherms using the two selected models are shown in Figs..4, 
5and 6. Consequently, the GAB model gives well description of desorption and adsorption isotherms. 
 
 
 
 
 
 
 
 
 
                          Fig. 4 Desorption isotherms of Kabar Capparis spinosa.L leaves fitted by two models 
Models names T(°C)      C                   B   A  r %  MRE% SEM 
  
30 
 
0.946 
 
-4.725.e+11 
 
6.02 
 
98.55 
 
14.15 
 
 
2.83 
   GAB 40 0.939 -1.45.e+11 6.268 99.14 4.62 
 
2.03 
 50 0.961 9.616. e+10 5.442 99.72 07.88 1.09 
 T(°C)      A                   B   C r %  MRE% SEM 
  
30 
 
-7.704 
 
0.697 
 
0.488 
 
97.15 
 
20.14 
 
3.97 
    Modified  Oswin   
40 -12.93 0.646 0.498 97.84 
 
19.37 
 
3.32 
 50 -18.65 0.605 0.538 98.07 17.94 
 
2.91 
t=30°C t=30°C 
 Said Bennaceur et al. /  Energy Procedia  18 ( 2012 )  359 – 367 365
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 5 Desorption isotherms of Kabar Capparis spinosa.L leaves fitted by two models 
 
4. Conclusion 
The sorption curves provide valuable information about the equilibrium moisture content of Kabar 
Capparis spinosa.L leaves. They  give a clear  idea  on  the  stability  of  the  plant  after drying, as well as 
information  on  the  different kind  of  water  in the product. So, these curves are valuable for storage and 
conservation of Kabar Capparis spinosa.L.Sorption isotherms of Capparis spinosa.L were determined 
using experiments and then the results were modeled. The saturated salt  method   at three  temperatures 
(30, 40 and 50 ◦C)  can be  successfully  used  for  experimental  determination  of the  equilibrium  
moisture content of Capparis spinosa.L. It  can  be  concluded  from  the  results  that  equilibrium  
moisture   content   increases   with the increase of  water  activityand  the decrease of the  temperature  
at  constant  relative  humidity  (water activity). Among   the   sorption   models  chosen  to  fit  sorption  
curves, the  GAB  equation  describes  better  the sorption isotherms of  Capparis spinosa.L 
t=40°C t=40°C 
t=50°C t=50°C 
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Fig. 6 Adsorption isotherms of kabar Capparis spinosa leaves fitted by two models 
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